Methicillin-resistant Staphylococcus aureus (MRSA) remains an important pathogen in nosocomial pneumonia and is associated with significant morbidity and mortality. Clinical outcomes for nosocomial pneumonia are dependent on patient age, co-morbidities, severity of illness and appropriate antibiotic therapy. The objective of this secondary analysis was to identify baseline clinical variables that are associated with clinical success at the end of the study observation period. Data from a randomized blinded trial (NCT00084266) comparing linezolid (600-mg twice daily) to vancomycin (15-mg/kg twice daily, dose-adjusted) for the treatment of culture-proven MRSA pneumonia were analyzed to evaluate baseline clinical and demographic factors that may predict clinical success at end of study (EOS) (7-30 days after end of treatment). A multivariate logistic regression was conducted to identify baseline factors that are associated with clinical success. Patients treated with linezolid (OR 1.55 95% CI: 1.013, 2.355), no vasopressor receipt (OR 2.30, 95% CI: 1.303, 4.069), unilateral involvement (OR 1.70, 95% CI: 1.078, 2.681) and normal renal function (eGFR 30-80 vs >80 OR 0.48, 95% CI: 0.303, 0.750) were more likely to have clinical success. From a clinical standpoint, identifying reliable predictors of outcome and who might benefit more from one therapy versus another can help inform treatment decisions.
Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) remains an important pathogen in nosocomial pneumonia and is associated with significant morbidity and mortality. [1] Multiple factors correlate with outcomes in MRSA pneumonia such as patient age, co-morbidities, severity of illness and appropriate antibiotic therapy. [2] [3] [4] As of May 2014, only two agents are approved by the US FDA for the treatment of MRSA nosocomial pneumonia: linezolid and vancomycin. In a recent double-blind randomized control trial (ZEPHYR) comparing linezolid to weight-based dosing of vancomycin, randomization to linezolid was associated with improved cure rates (57.6% vs. 46.6%) [5] , although there was no difference in the 60-day mortality between treatment groups. This study is published [5] and the limitations including potential reasons for lack of difference in 60-day mortality between linezolid and vancomycin are discussed in detail in the original publication [5] . Although the baseline characteristics of the two treatment groups were similar [5] , it remains important to understand how baseline patient characteristics interact with and affect cure rates. Additional explorations of potential relationships between baseline factors and eventual cure rates may also help clinicians identify subgroups of patients most likely to benefit from one of the two treatment options.
To explore this issue of baseline characteristics and outcomes, we conducted a secondary analysis of a randomized, blinded trial comparing linezolid to dose adjusted vancomycin for the treatment of MRSA. Specifically, the objective of this secondary analysis was to identify baseline clinical variables that are associated with clinical success at the end of the study observation period.
Methods Patients
Data from a randomized blinded trial (NCT00084266) comparing linezolid (600-mg twice daily) to vancomycin (15-mg/kg twice daily, dose-adjusted) for the treatment of culture-proven MRSA pneumonia were analyzed to evaluate baseline clinical and demographic factors that may predict clinical success at end of study (EOS) (7-30 days after end of treatment). [5] . Patients from the mITT population (at least one dose of study treatment and a confirmed MRSA culture) with an observed clinical response at EOS were included in this secondary analysis. The key clinical outcome was categorized as "cure" (i.e., resolution of clinical pneumonia signs/symptoms vs. baseline, improved or no progression in all chest X-ray abnormalities, and no additional MRSA treatment required), "failure" (i.e., persistence or progression of baseline signs and symptoms of pneumonia after at least 2 days of treatment; progression of baseline radiographic abnormalities; development of new pulmonary or extrapulmonary clinical findings consistent with active infection), or "unknown" (i.e., extenuating circumstances precluded classification to the above) The complete trial report and methods have been previously reported. [5] 
Statistical analyses
The treatment-clinical response relationship was assessed to explore interactions between baseline variables and treatment. Stratified relative risk values and corresponding 95% confidence intervals (CIs) were calculated for each stratum-specific analysis.
Additionally, we conducted multivariate logistic regression to identify baseline factors that are associated with clinical success at the end of the study. [6] To reduce multicollinearity, a correlation analysis was conducted among clinically relevant baseline factors. Only the factors having the least average correlation were selected for inclusion into the full model. A final, reduced model was constructed from the full model via backward elimination with stay criteria (α) of 0.10. Average inclusion frequencies of each factor in the reduced model were calculated based on 1000 bootstrap samples to evaluate consistency of backward elimination [7] . The final, reduced model was then fitted with these factors and summarized using odds ratios (ORs) and 95% CIs. The Hosmer-Lemeshow test was used to measure goodness of fit. Statistical analyses were performed using the SAS version 9.2 (Cary, NC) software.
Ethics statements
Written informed consent was obtained from all patients or their legally authorized representative. The study was approved by an institutional review board or ethics committee at each investigational center.
Results
There were 448 patients (224 treated with linezolid, 224 treated with vancomycin) in the mITT population (shown in Fig 1) . Of these mITT patients, 186/224 (83%) linezolid treated patients and 205/224 (92%) vancomycin treated patients had a clinical response documented at EOS and were included in this analysis. There were no significant differences regarding the distribution of baseline characteristics between those treated with linezolid compared to vancomycin (shown in Table 1 ).
The stratified analyses for clinical success at EOS are shown in Table 2 . Baseline characteristics did not modify the association between treatment and clinical success. However, multiple subpopulations had significantly greater clinical success rates at EOS when treated with linezolid. Specifically females, the less severely ill (APACHE II score < 20 and not needing 
Discussion
In this analysis, a higher clinical success rate was observed for patients treated with linezolid compared to those treated with vancomycin. Clinical success rates in the stratified analysis favored linezolid for the majority of baseline characteristics and were significantly different among a few strata. These results were consistent with the multivariate analysis. Treatment with linezolid compared to vancomycin for MRSA pneumonia was associated with higher rates of clinical success even after adjustment for other potential explanatory factors at baseline. In addition, patients not receiving vasopressors, only having unilateral involvement compared to multilobe involvement, and patients with normal renal function compared to abnormal renal function were more likely to be classified as clinical successes.
The rate of clinical success was not altered whether or not the patient had bacteremia or mechanical ventilation. In addition, these factors were not a significant predictor of clinical success. Some have suggested that imbalance in the rates of bacteremia and mechanical ventilation may account for the significant treatment difference seen in the primary analysis of this trial comparing linezolid to vancomycin. [8, 9] The present secondary analysis, however, suggests this is not the case and demonstrates that linezolid remains associated with greater cure rates even when adjusted for these factors.
Patients were only included in this secondary analysis if they received the study treatment, had a culture confirming MRSA, and a documented result at EOS. This population differs slightly from both the modified intent to treat population and per protocol population in the original trial. We chose to use these criteria in order to be more inclusive of the patients that were exposed to the treatment and in order to ensure the most complete final follow up outcome. This secondary analysis has several limitations. First, since this is a retrospective evaluation it can only be considered exploratory. The experimental design in the original trial was not specifically developed to evaluate individual factors and may not be ideal for assessing the importance of some baseline characteristics due to low prevalence of these various conditions. In other words, we may have lacked power to assess the significance of several potential co-variates. However, a regression model is a valid analytic approach for addressing these questions using the existing data set. Second, these multivariate analyses infer based on associations and cannot establish a causal relationship between individual identified predictors and clinical success. Similarly, the potential predictors were evaluated for the period of hospitalization only. We also acknowledge that not all patients in the modified intent to treat population had a clinical response available at EOS and so these patients had to be excluded from our analyses, which may have diminished the benefits of randomization that exists within the entire modified intent to treat population. Finally, as this was a retrospective analysis of a clinical trial, the results should be interpreted with caution, and prospective studies are needed to validate the preliminary trends suggested in this analysis.
From a clinical standpoint, identifying reliable predictors of outcome and who might benefit more from one therapy versus another can help inform treatment decisions. The interaction between the pathogen, disease course, and treatment response that occurs in MRSA pneumonia patients is complex. Our findings provide additional data on the association between treatment and outcome after adjusting for known factors associated with MRSA pneumonia.
